A new C-6 flavone glycoside (6), together with seven known compounds, cryptochlorogenic acid (1), chlorogenic acid (2), 2-O-trans-caffeoylhydrocitric acid (3), isovitexin 7--D-glucopyranoside (4), 7,4'-dihydroxy-5-methoxyflavone-6-C--D-glucopyranoside (5), 3,5-O-dicaffeoylquinic acid (7) and 4,5-O-dicaffeoylquinic acid (8), were isolated from the aerial parts of Knautia arvensis. Their structures were elucidated by extensive spectroscopic methods including 1D-( 1 H, 13 C and TOCSY) and 2D-NMR (DQF-COSY, HSQC, HMBC) experiments, as well as ESIMS analysis. Compounds 1, 3-5 and 8 are reported for the first time in Knautia arvensis.
The first research about this plant addressed different aspects of grasslands ecology [3] like biodiversity [1] , interactions with pollinators [4] , and nutrient-related interactions between neighboring plants [5] . Other studies on K. arvensis included analyses of the organic and mineral components and C/N content [5, 6] . The seeds were characterized as having a high level of oil, with capric and saturated caprylic acids as dominant components, which could be used for industrial applications [3] . Phytochemical investigations of this species have been very limited. Plouvier [7] reported the presence of knautioside, but no other compound was identified in this species till recently.
Recent research performed under the 6FP European Union programme, Rumen-up (Ruminal Metabolism Enhanced Naturally Using Plants) was aimed at developing natural alternatives to the antibiotic growth promoters used in animal feed. This project explored the potential of new plant species and plant extracts that could be used as feed additives [8, 9] . A systematic screening of 500 plant species showed that they could improve animal health and welfare, while decreasing emissions of methane and nitrogen-rich animal wastes [10] . Twenty-two plants and plant extracts potentially useful to control methane, proteolysis, protozoal activity and lactic acidosis in the rumen were identified [11]. One of them was Knautia arvensis, which recognized as a potential anti-proteolytic feed additive for ruminants [3, 12] .Thus, the aim of the present work was to carry out an accurate phytochemical investigation of the phenolic components of the aerial parts of K. arvensis. The 70% MeOH extract of the aerial parts of K. arvensis was fractionated by LP column chromatography and HPLC to yield compounds 1-8.
The ESI-MS of 1 and 2 showed molecular peaks [M-H]at m/z 353. The 1 H and 13 C NMR spectra indicated for compounds 1 and 2 the presence of one caffeoyl group and one quinic acid moiety. The connection of the caffeoyl group and the quinic acid moiety was deduced by HMBC experiments, as well as by the chemical shifts and coupling constants of H-3, 4 and 5 of the quinic acid moiety reported in the literature [13] [14] [15] . Thus compounds 1 and 2 were identified as cryptochlorogenic acid and chlorogenic acid, respectively [15, 16] (Figure 1 ). Compounds 7 and 8 showed molecular peaks at m/z 515 in the negative ionization mode mass spectra and UV spectra typical of caffeoylquinic acids. The 1 H NMR spectra suggested that compounds 7 and 8 were dicaffeoylquinic acids (diCQA). In the literature, six isomers of diCQA (1,3-, 1,4-, 1,5-, 3,4-, 3,5-, and 4,5-diCQA) have been reported [17, 18] . Compounds 7 and 8 have been identified as 3,5-O-dicaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid, respectively, by comparison of their 1 H and 13 C NMR data with those reported in the literature [19] (Figure 1 ).
The ESI-MS of compound 3 showed a molecular ion at m/z 369 in the negative ion mode, and an UV spectrum characteristic of a caffeoyl group (298, 326 nm). NMR spectroscopic data allowed us to identify compound 3 as 2-O-trans-caffeoylhydrocitric acid, previously described by Parveen et al. [20] (Figure 1 ). The 1 H and 13 C NMR spectroscopic data in combination with the UV spectroscopic characteristics (272 and 332 nm) suggested that compounds 4-6 were flavone derivatives. In particular, by comparison of their NMR data with those reported in the literature, compounds 4 and 5 were established to be isovitexin 7--D-glucopyranoside [21] and 7,4'-dihydroxy-5-methoxyflavone-6-C--D-glucopyranoside [22] , respectively (Figure 1 ).
The ESI-MS of compound 6 showed a molecular peak [M-H]at m/z 461, suggesting a molecular formula C 22 H 22 O 11 . The 1 H NMR spectrum of compound 6 showed signals at  7.34 (d, J = 1.9), 7.40 (dd, J = 8.5, 1.9), and 6.72 (d, J = 8.5) typical of the B ring of flavonoids with an ABX proton system, and two singlet protons at δ 6.76 and 6.52 assigned to H-8 and H-3, respectively. Moreover, a signal at  3.98 (s) corresponding to a methoxy group was evident. The 1 H NMR spectrum displayed also a signal corresponding to an anomeric proton at  4.88 (d, J = 7.6 Hz). The 13 C NMR spectrum and HSQC correlations of compound 6 displayed 22 carbon signals, of which 16 were signals of an aglycon moiety. The values of the carbons at C-3' ( 148.4), C-4'( 150.2) and C-7 ( 165.9) suggested hydroxy groups. The protons of the methoxy group in the HMBC showed correlation with C-5. The other six signals were of a sugar moiety. The anomeric proton of the sugar showed HMBC correlation with C-6 ( 109.4). The chemical shifts of all the individual protons of the sugar unit were ascertained from a combination of 1D-TOCSY and DQF-COSY spectral analysis, and the 13 C NMR chemical shifts of their attached carbons were assigned unambiguously from the HSQC spectrum. These data showed the presence of a -glucopyranosyl unit. The chemical shift of C-1 glc ( 74.6) showed the presence of a C-glycoside bond, which was ca. 30 ppm higher field than that for O-glycoside bonds ( 95-105) [23] . The HMBC spectrum allowed us to establish the linkage site of the sugar unit. A detailed analysis of the NMR data of 6 in comparison with data reported in the literature for C-6 and C-8 flavone glycosides [24] permitted us to confirm the position of a glucose moiety at C-6. In fact, a key correlation peak between the proton signal at  4.88 (H-1 glc ) and the carbon resonance at  109.4 (C-6) was observed ( Figure 2 ). The methoxy group was located at C-5 on the basis of the HMBC correlation between the proton signal at  3.98 and the carbon at  165.2. Consequently, 6 was determined to be the new 7,3',4'-trihydroxy-5methoxyflavone-6-C-β-D-glucopyranoside (Figure 1 ).
To the best of our knowledge this is the first report of compounds 1, 3-5, and 8 in Knautia arvensis.
Experimental
General procedures: Optical rotations were measured on a JASCO DIP 1000 polarimeter. UV measurements were obtained on a Beckman DU 670 spectrometer. IR spectra were recorded on a Bruker IFS-48 spectrometer. NMR experiments were performed on a Bruker DRX-600 spectrometer (Bruker BioSpinGmBH, Rheinstetten, Germany) equipped with a Bruker 5 mm TCI CryoProbeat Phenolic constituents of Knautia arvensis aerial parts Natural Product Communications Vol. 6 (11) 2011 1629 300 K. All 2D NMR spectra were acquired in CD 3 OD (99.95%, Sigma-Aldrich), and standard pulse sequences and phase cycling were used for DQF-COSY, HSQC and HMBC spectra. The NMR data were processed using UXNMR software. Chemical shifts were recorded in ppm as δ relative to tetramethylsilane (TMS) as internal standard. ESI-MS analyses were performed using a ThermoFinnigan LCQ Deca XP Max ion trap mass spectrometer equipped with Xcalibur software. elution program started with a linear gradient of 0% of eluent B to 60% of B. The column was maintained at 50ºC. The separation was completed in 70 min at a flow rate of 1mL/min to yield compound 1 (18 mg, t R = 14.2 min), 2 (65 mg, t R = 15.3 min), 3 (10 mg, t R = 17.8 min), 4 (24 mg, t R = 27.6 min), 5 (69 mg, t R = 30.2 min), 6 (72 mg, t R = 31.6 min), 7 (23 mg, t R = 34.7 min) and 8 (25 mg, t R = 40.6 min). 
